The microstructure of interconnect material is know to influence its electromigration and stress-voiding properties. In addition to many factors responsible for the microstructure development, the barrier layer could be a major contributing factor as it forms the substrate for the copper films above. The microstructure of the barrier films based on its deposition technique could determine the final microstructure of the copper film. In the present work we examine the effect of two different barrier layers (Ta and TaN) and different stackings of these two materials on the microstructure on the copper seed (PVD) and electroplated films using EBSD, AFM and XRD. The results show that the plated films have a predominantly (111) texture and uniform grain size. But the (111) texture maximum varied with the barrier layer stacking underneath the plated film.
INTRODUCTION:
Copper is fast replacing aluminum as the material in interconnects 1 . The lower resistivity of copper in addition to its better performance with respect to electromigration and stress-voiding are the important factors influencing this change. But, the major problem in using copper comes from its poor diffusion properties in dielectrics. Copper diffuses easily in to the dielectric thereby poisoning the device. Copper also has poor adhesion to the dielectric. These problems are overcome by use of a barrier layer which prevents the diffusion of Cu into the dielectric 2 . Also, the barrier material has better adhesion to both the dielectric and the copper thereby solving the problem of adhesion.
The most commonly used dielectric materials are Ta, TaN, W, TiW, W, TiN, etc. Barrier layer materials are usually refractory materials which have high stability at high temperatures (600ºC) and good diffusion resistance 3 . They are inert and do not cause poisoning of the devices by diffusing in to the dielectrics. Most of the currently used barrier layers are deposited by sputtering 5, 6 (PVD). But the damascene process for the copper interconnects requires the deposition of the materials in to trenches of varying aspect ratios. So, other techniques like Atomic Layer Deposition 10 (ALD) and Chemical vapor deposition (CVD) are being tested for deposition of Ta, TaN and W to achieve better step coverage and better filling. In addition, a combination of layers of these materials has been used as barrier layer eg. Stacking of Ti/TiN, Ta/TaN. All of these have could have an effect on the microstructure of the over layers and hence an impact on the electromigration performance of the interconnects.
The change in deposition technique will cause changes in many properties of the barrier films including the change in its microstructure and stresses in the films 3, 4, 6 . The stacking of films could cause increased stresses in the films and hence its properties. In the present study we examine the effect of the stacking of Ta and TaN layers on the microstructure of the copper seed and electroplated copper films.
EXPERIMENTAL PROCEDURE:
The films were prepared with four different types of barrier layers: Ta, TaN, Ta/TaN and Ta/TaN/Ta on SiO 2 wafers. The total thickness of the barrier films was 100nm. In case of stacking, the Ta and TaN had approximately equal thickness. Each of these barrier layers had two sets of films deposited on them. One set had just the copper seed layer 100Aº thick while the second set had 1.5µm thick electroplating in addition to the seed. Electroplating was done using a commercially available technique. The plated films were annealed at 400ºC for 1 minute on a hot plate. The wafers with the seed alone did not receive any annealing treatment. All the wafers were held at room temperature (RT) thereafter and self-annealing and RT grain growth are the only mechanisms through which the grain growth was assumed to occur.
The films were analyzed using electron back-scatter diffraction (EBSD), XRD and AFM to reveal the local and bulk microstructure and texture information. EBSD was carried out on an FEI-Philips XL-40 FE-SEM at 20kV accelerating voltage for two different step sizes of 0.1µm and 0.2µm. The smaller step size data was used to study the grain and grain-boundary structure and the larger step size data was collected to characterize the texture of the films. X-ray diffraction was done using the Shultz reflection method using a Philips X'Pert MRD 7-axis diffractometer. (111) pole figures were obtained and the pole plots were constructed. The AFM scans were done using a DI 5000 instrument to obtain the rms roughness values. The results are shown below.
RESULTS:

1) Electron back scatter diffraction
The orientation maps of the electroplated films for different barrier layers are shown in Fig 1. The maps show a predominantly (111) textured grains showing that the surface energy reduction is the major factor influencing the grain growth of the plated films. The average grain size obtained from these films is tabulated in Table 1 . All the films have a similar average grain size in the range 1.1 -1.3µm. The films with TaN in contact with the plated Cu have a slightly larger average grain size than films with the Ta on top. The average grain size was calculated assuming the twins as part of the same grain. The twin boundaries which are 60º rotated about (111) plane normal are excluded as grain boundaries.
E2.2.2
The grain size distribution for the plated films (not shown here) is log normal as it normally is in the case of plated films. The (111) pole figures for these films are shown in Figure 2 . The pole figures were generated using 3º bins using discrete binning procedure similar to that described by Matthies 8 .
2) Atomic force microscopy The rms roughness values obtained from the seed layer and the electroplated films are shown in Table 1 . The rms roughness value of the seed layer is around 4-5 nm while the electroplated films which are much thicker had a much larger rms roughness in the order of 200nm. Figure 3 shows the difference in the AFM images of the film with Ta barrier layer and just the Cu seed and with the plating layer.
3) X-ray diffraction The XRD pole plots are shown for all the films in Figure 4 . The pole plots have been generated by integrating the intensities obtained in the pole figures and normalizing them and making adjustments for the background and defocusing errors. All the films showed a significant fraction of (111) grains.
DISCUSSION AND CONCLUSIONS:
The grain size values of the Cu seed films were an order of magnitude less than the grain sizes of the plated films. The grain size of the grains was dependant on the layer in contact with the Cu seed or plating. The average grain size of Cu in contact with TaN was larger than one in contact with the Ta layer. The grain growth and orientation in thin films is effected by the surface energy minimization between the substrate and the deposited film. In the present experiment the TaN probably has a lower surface energy than Ta and hence the grains grow to a larger average size. (111) is the preferred orientation in all the films. The grain growth is believed to be the surface energy reduction based grain growth.
The (111) maxima values, indicative of the quantitative texture, is found to vary with the number of sublayers underneath the Cu film. The films with just the Ta or TaN barrier had a much higher texture value than the films with Ta/TaN and Ta/TaN/Ta. The larger the number of sublayers, the greater will be the incoherence at the interfaces and increased stresses in the film. Higher stresses in the film cause the (001) to become a preferred orientation of the grains. It could also lead to abnormal grain growth as was observed in Ag thin films 9 with higher initial stress state.
In the present situation the stress state was not high enough to cause any significant difference in grain growth characteristics and will have very little effect on any other properties. However, the results show that the increased number of layers and the type of material in barrier layer will affect the texture and microstructure of the Cu seed and the electroplated films. 
